Background When treatment of
these patients satisfied criteria outlined by Hunka and Choi, defined as a stable hip, a flexion arc $ 70°and no fixed adduction or abduction contractures, fixed flexion deformity not more than 20°, pain relief, and restoration of activities of daily living after surgery; and (3) any treatment-related complications if observed. Methods We reviewed the charts of patients who had presented to the orthopaedics outpatient department at Lady Hardinge Medical College and Associated Hospitals with the diagnosis sequelae of septic arthritis of the hip. Between 2003 and 2014, a total of 54 pediatric patients (61 hips) with sequelae of a septic hip had undergone various hip reconstructive procedures. Of these, 16 patients (30%) were diagnosed with pseudarthrosis of the femoral neck and were included in this study. All patients with this diagnosis were treated surgically. In this group, the median age at first contact with our treating team was 48 months (range, 18-96 months). The age of onset of the initial infection was 0.3 months to 84 months (median, 8 months). These 16 patients underwent a total of 24 surgical procedures to achieve union at the pseudoarthrosis site. We performed close reduction, fibula graft, and valgus osteotomy in most of the patients. Wagner's double intertrochantric osteotomy with a fibula graft was done in patients in whom there was a short femoral neck along with pseudoarthrosis. In all patients, the pseudarthrosis site was not exposed. Median followup was 6 years (range, 3-12 years) . No patient was lost to followup before 3 years. Union was defined when there was complete radiologic healing at the pseudoarthrosis site. All the patients were clinically evaluated as per Choi's criteria. Parents were also asked about daily activities and pain. Other related complications were also recorded. Results Fifteen of 16 patients achieved union at the pseudarthrosis site within 6 to 24 months (median, 9
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Introduction
In the neonate or young child, acute septic arthritis of the hip is an orthopaedic emergency. The consequences of neglected or untreated sepsis may include growth arrest, malformation or dysplasia of the femoral head and/or acetabulum, and partial or complete destruction of the joint [1, 3, 15] . Pseudarthrosis of the femoral neck is a rare but severe complication and one that is considered difficult to treat [4, 13] . The reported cases have a success rate of < 50% [5, 8, 11] .
The most commonly used classification for residual deformity after septic arthritis is that of Choi et al. [5] . Type I hips have no or minimal deformity, which requires no surgical treatment; Type II hips involve deformity of the epiphysis, physis, and metaphysis and are typically treated with realignment procedures. Type III hips involve severe malalignment of the femoral neck (IIIA) or a pseudarthrosis (IIIB), whereas Type IV deformity represents complete destruction of the femoral head. Because of the relative rarity of femoral neck pseudarthrosis, only sporadic reports are available to guide treatment. To our knowledge, there are no published studies of more than five patients with femoral neck pseudarthrosis after acute septic arthritis of the hip and so there is little available to guide our treatment choices [2, 5-8, 11, 13] . This sequelae can present at different age groups with a variety of radiologic appearances of the femoral neck, the proximal femur, and rarely with involvement of the contralateral hip.
We therefore asked, in the context of a small series of patients with pseudarthrosis of the femoral neck after acute septic arthritis, (1) whether femoral neck union can be achieved using a variety of surgical approaches; (2) whether these patients satisfied Choi's criteria (a modification of Hunka's criteria), defined as a stable hip, a flexion arc $ 70°, no fixed adduction or abduction contractures, fixed flexion deformity not > 20°, pain relief, and restoration of activities of daily living after surgery; and (3) what treatment-related complications were observed.
Materials and Methods
All charts of pediatric patients with sequelae of pyarthrosis treated from 2003 to 2014 at our institution were reviewed. We treated a total of 54 pediatric patients (61 hips) with sequelae of a septic hip in this period. Of these, 16 patients (30%) who developed femoral neck pseudarthrosis after septic arthritis were included in this study. All underwent surgery for pseudarthrosis at our institution by a single surgeon (RKK) and had a minimum followup of 3 years.
Being a retrospective data analysis and because we have concealed the identity of the patients, formal ethical committee clearance was not required in our institution. We had taken prior consent from all the patients for use of their records for research and publication.
All patients with this diagnosis were treated surgically. In this group, the median age at first contact with our treating team was 48 months (range, 18-96 months). The age of onset of septic arthritis was 0.3 months to 84 months (median, 8 months). This delay in presentation was because most of the patients underwent primary treatment elsewhere and were referred to our institution when they developed a limp.
Only three patients had undergone arthrotomy as part of their initial treatment for acute septic arthritis before their referral to our institution. Nine patients had hip involvement of the left side, and seven had right side involvement. Four patients had concomitant septic arthritis or osteomyelitis sequelae at one or more distant sites at the time of initial infection. Three patients had distal femoral involvement (Patients 1, 3, and 11), one with associated tibial physeal involvement and one with a contralateral, multipronged, dislocated proximal femur (Patient 10).
Preoperative radiographs were assessed to record the appearance of pseudarthrosis, changes of chronic osteomyelitis, degenerative changes in the joint, appearance of proximal femoral ossific nucleus, and associated involvement of other skeletal sites.
The radiographic appearances of these patients were found to be variable. We found pseudarthrosis with chronic osteomyelitic changes ( Fig. 1 ) with other sites of osseous involvement ( Fig. 2) , with a retroverted head (Fig. 3) , and with an intervening ossified segment (Fig. 4) .
A CT scan was done in one patient (Patient 9) because pseudoarthrosis was not visible on plain radiography because the neck was short and the greater trochanter was proximally migrated. MRI was done in two patients (Patients 13 and 15). Because their preoperative radiographs showed an intervening ossified fragment in the neck region, MRI was done to see the continuity of this fragment with an osseocartilaginous structure of the unossified femoral neck. Orthoscanogram was also done in patients who underwent limb-lengthening procedures. Our first surgical goal was to determine the feasibility of osteosynthesis and angular correction and then aim for hip mobility. Five different procedures were tried depending on the radiologic picture, size of the ossific nucleus, revision cases, and experience gained with time (Table 1) . Procedures included (1) closed reduction and fibula grafting; (2) closed reduction and valgus osteotomy; (3) closed reduction, fibula grafting, and valgus osteotomy; (4) Pauwel's osteotomy [12] ; and (5) Wagner's double intertrochantric osteotomy with a fibula graft [14] . We also used screws along with a fibular graft when the femoral head was large and the child was older.
When we started treating this deformity (2003), there was no treatment algorithm available in orthopaedics textbooks or in the literature. Initially we performed various procedures but with experience gained and following the patients at regular intervals, we found that close reduction, fibular graft, and valgus osteotomy was the most successful procedure for pseudoarthrosis repair in this small series (Fig. 5) . It was done 13 times (eight times as a primary procedure and five as revisions). It was found to be successful on 12 occasions.
Another very effective procedure was Wagner's double intertrochantric osteotomy with a fibular graft (Fig. 6 ). This procedure was performed in two patients (Patients 7 and 9) in whom there were short femoral necks along with pseudoarthrosis. It was successful on both occasions.
A total of 24 surgical procedures were performed in 16 patients for pseudarthrosis repair. Ten patients underwent a single surgical procedure, four patients (Patient 2, 4, 7, and 11) underwent two surgical procedures, and two patients (Patients 12 and 13) underwent three procedures to achieve pseudarthrosis union. In the patients who underwent three surgical procedures, union was achieved after closed reduction with fibular graft and a valgus osteotomy fixed with either a Kirschner wire or a dynamic compression plate. This was true even with Patient 12, in whom we had to revise this procedure twice because of loss of angular correction and failure of union (Table 1) . All patients spent 3 months in a hip spica cast postoperatively. None of the patients were lost to followup before 3 years.
These patients also required 11 additional surgeries (not for pseudoarthrosis repair) in the form of débridement with bone grafting, reconstruction of other sites, and limblengthening procedures.
To answer our first research question about union of the femoral neck and the number of procedures performed to obtain union, we defined union as when there was complete radiologic union with crossing of bony trabeculae across the pseudoarthrosis. Followup radiographs were done to assess epiphysis changes, pseudarthrosis union or failure, loss of proximal femoral valgus alignment, and a degenerative joint. If revision was required and the femoral head appeared viable on radiographs, we repeated pseudarthrosis repair. All radiologic findings were documented by two of the authors (RKK, SG).
To answer our second research question about pain and function after surgery, patients were evaluated clinically by two of the authors (RKK, SG) for ROM, limp, pain, limb length discrepancy, and hip stability. Because of the nature of the anatomic deformity, the usual objectives of full painless ROM, normal gait function, and leg length were not reasonable in assessing treatment results. Instead, a more guarded approach was used. Patients were labeled as satisfactory if they met all the criteria proposed by Hunka et al. [11] and Choi et al. [5] . We defined an unsatisfactory result as the inability to achieve criteria outlined by Choi and Hunka.
To answer our third research question, other treatmentrelated complications such as reactivation of infection, loss of correction, limb-length discrepancy, avascular necrosis of the femoral epiphysis, and joint stiffness were also recorded by two of the authors (AK, BKR).
Results
Fifteen of 16 patients achieved union at the pseudarthrosis site within 6 to 24 months (median, 9 months; Fig. 7) . Ten patients underwent a single procedure to achieve union, whereas four patients underwent two surgical procedures and two patients underwent three procedures.
All patients who achieved osseous union met all the criteria proposed by Hunka et al. [11] and Choi et al. [5] : a stable hip, arc of flexion $ 70°and fixed flexion deformity not $ 20°without fixed adduction or abduction deformity, no pain, and able to perform activities of daily living (see Video 1, Supplemental Digital Content 1). One patient (Patient 11) could not achieve criteria described by Median limb-length discrepancy was 2.75 cm (range, 1-25 cm). Median ROM was 270°(range, 40°-280°). This ROM is the sum total of flexion, extension, adduction, abduction, and rotations of the affected hip. One patient had persistent nonunion, avascular necrosis of the femoral head, stiffness of the hip, and clinical shortening of 25 cm as a result of involvement of distal physes (Fig. 8) . This patient did not fulfill Choi's criteria and was the only unsatisfactory result in this small series. The other complication noted was in the form of early postoperative reactivation of infection with loss of correction and implant loosening. This patient (Patient 4) underwent débridement, implant removal, and antibiotics for 3 weeks to control infection. Pseudoarthrosis union was achieved in this patient after revision surgery (Fig. 9) . The neck length achieved during pseudarthrosis repair frequently collapsed with time, resulting in femoral neck shortening in all except in two patients (Patients 7 and 9).
We did not achieve adequate valgus alignment without producing abduction deformity in two patients (Patients 7 and 12) . Interestingly, we could demonstrate in one of these patients (Patient 7) overgrowth at the inferomedial aspect of the femoral head, which limited valgus correction. We detected it on a followup radiograph when the child was 10 years old (Fig. 10) . We suspect the same issue in another patient (Patient 12); however, it is not radiologically apparent because the child is only 8 years old. 
Discussion
Improperly treated septic arthritis in infancy and childhood results in severe sequelae [9, 10] . Of various severe sequelae described in the literature, femoral neck pseudoarthrosis is less frequently observed. These patients, although surprisingly pain-free, have noticeable lurch and shortening. Very few studies have described the treatment of this deformity with small numbers of patients [5-8, 10, 11] . We described our experience in treating this deformity, but our study also has limitations. Although we report the largest number of patients with this deformity, still the number is too small to compare various procedures. We used a variety of procedures for similar indications, choosing the approach that seemed most appropriate. The presentation of each patient was different in relation to severity of involvement, size of the femoral head, and other physeal involvement and age. Our experience may not be the same as those of surgeons in other locations and may differ because of delay in diagnosis or referral of the virulence of the offending organism, availability of implants, and surgeon familiarity with a particular procedure. We note that the Hulka and Choi criteria currently used for classification are subjective and imprecise, although they remain the best tools for assessment of a rare disease entity. We also raise the possibility of assessment bias in our study; however, we applied stringent criteria for defining success and were able to report on all patients treated.
We found that union was achieved in 15 of 16 children treated for femoral neck nonunion after acute pyarthrosis, and although most of them achieved union with one procedure, a substantial number underwent several procedures. In general, patients who achieved union also achieved reasonable restoration of function and were painless until last followup.
Complications were surprisingly uncommon in this small series; only two patients had serious surgical complications with one developing deep infection and another developing osteonecrosis of the femoral head along with persistent pseudoarthrosis. Of the 10 cases reported by Eyre-Brook [8] , two had Type IIIB sequelae. In both of the patients, osseous union was not achieved and were labeled as poor results. Betz et al. [2] reported flexion arc < 60 o in two of their three patients in a followup lasting up to 32 years. Hunka et al. [11] reported that two of 10 patients with sequelae of a septic hip had unsatisfactory results resulting from fibrous ankylosis in one and persistent hip subluxation in the other patients and both were Type IIIB. In his publication unsatisfactory results were the result of fibrous ankylosis in one and persistent hip subluxation in the other patient. Choi et al. reported a single patient with Type IIIB deformity out of 34 hips in their series; that patient also underwent multiple surgeries and developed osteoarthritis of the hip at the age of 17 years [5] . Choi et al. [6] reported three patients with Type IIIB deformity. They were able to achieve union in two patients, but one patient had persistent abductor lurch and hip stiffness even after multiple surgeries [6] . In a series by Wada et al. [13] , four of 21 hips had Type IIIB deformity, which required nine surgeries; only two patients achieved union.
Followup analysis of 15 reported cases of these sequelae together with our experience has been summarized ( Table 2) .
In summary, we found surgical reconstruction of pseudarthrosis of the femoral neck after pyarthrosis of the hip is difficult, but a successful result may be possible in many patients. Once union is achieved, all patients have improved clinical function and hip stability. The limp is reduced because of bony stability, better position of the greater trochanter, and improved abductor efficiency. Every effort should be made to achieve pseudarthrosis repair while the femoral head remains viable on radiographs. At early followup, many patients have adequate ROM with minimal pain, an acceptable limp, and are able to do indoor and outdoor activities without support. Once the hip is stable, limb lengthening can be attempted. Long-term results are unknown, and we caution that treating the sequelae of childhood hip disease is challenging.
